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Abstract 
Service-oriented architecture has been acknowledged by many researchers and it has been proving its usefulness in obtaining 
agility at organization/university level. Moreover, under certain conditions, the use of shared services as cloud computing 
solutions can bring quick benefits with reduced costs. This paper analyzes the evolution of universities to service-oriented 
universities in order to increase flexibility and achieve innovation. The paper highlights the benefits/needs of the transition to 
service-oriented universities. In addition, necessary changes are considered and suggestions are offered for educational 
institutions. References will be made to experience/results obtained within the Academy of Economic Studies from Bucharest 
concerning the use of services-oriented and cloud computing systems/applications. The paper comes to support the universities of 
tomorrow, as a pillar of society development. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The requests of the students from the 21st century, increasing need for information technology (IT) use and the 
economic crisis that world countries are confronted with affects universities in all areas (including teaching, research 
and administration). Therefore, universities face adaptability problems due to internal and external pressures, in 
conditions of tight budgets. In order to be competitive, nowadays universities must keep pace with changes in global 
economy and in technology. Unlike other organizations, for universities, the term "competitive" seems to have 
several meanings. First, from a social perspective, the university must train students in order to be able to integrate 
and to be competitive on the labor market. Second, by the research carried out, universities compete with other 
counterparts, nationwide or from abroad. Last but not least, the university as a whole may be treated as a business, 
with the ultimate aim in getting some financial benefits and efficient management of resources. 
The ongoing extension and development of computing technologies together with IT involvement in almost 
every aspect of a university make its performances largely dependent on the quality of the IT technologies and 
solutions that it uses. The 2011 Horizon Report (Johnson et al., 2011) identifies and describes emerging 
technologies likely to have a large impact in the next five years within learning-focused organizations. The report 
highlights six technologies to watch with considerable potential for teaching, learning and research:  on the near-
term horizon (up to 1 year): electronic books and mobiles devices;  second adoption horizon (2 to 3 years): 
 
*Marinela Mircea.  Tel.: +4-021-319-1900  
   E-mail address: mmircea@ase.ro 
 ublished by Elsevier Ltd. Selection and/or peer-review under responsibility of Prof. Hüseyin Uzunboylu.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
252  Marinela Mircea and Anca Ioana Andreescu / Procedia - Social and Behavioral Sciences 31 (2012) 251 – 256 Marinela Mircea / Procedia – Social and Behavioral Sciences 00 (2011) 000–000 
 2 
augmented reality and game-based learning;  far-term horizon (4 to 5 years): gesture-based computing and 
learning analytics.  
Besides coping with computing evolution, there are other aspects to be considered when creating the profile of 
the universities of tomorrow, such as: legal regulations (for example, as required by the Bologna process (Bologna, 
2005), which promotes the mobility of staff, students and researchers), cooperation with other universities and 
research institutions, interaction with governmental organizations (for public acquisitions, financial reporting etc.), 
easy access to local or external computing resources for students, teachers and researchers, the communication 
possibilities offered by the Internet or the diversity of hardware resources owned by a university.  
During the last decade, Service-Oriented Architecture (SOA) has been acknowledged by many researchers and it 
has been proving its usefulness at organization/university level. Therefore, the paper emphasizes the potential of 
SOA for higher education and shows why service-oriented university is the next step for achieving the University of 
Tomorrow. Research is based on theoretical and practical experience of authors in IT, education and use of service-
oriented applications/solutions. Research methods consisted in practical documentation and critical analysis of the 
results in the specified areas, interviews with specialists and investigation of the main business processes in a 
university.  
2. Service-Oriented University 
Like any environment today, education is affected by the economic crisis and it is very important for a university 
to be able to face changes without investing significant time and effort in modifying existing IT solutions. 
Therefore, a new context is needed for higher education: a world where technology plays an important role in 
providing support to people in whatever they want to do, it is flexible and easily adaptable to new requirements and 
it does not determine or constraints what people can do (Oliver, 2007; Tezer & Bicen, 2009).  
SOA is a paradigm that is centered on the needs of the organization. It is focused on real organizational processes 
and their implementation as small modules called “services” (Blinco et al., 2009). The ability to build flexible IT 
systems that respond easily to internal or external organization changes is the main benefit of SOA.  The code reuse 
is another important feature of this approach, as IT services are designed to be used by multiple IT solutions. For 
example, information about entities such as students and teachers are needed by several internal applications or 
external systems. IT services regarding these entities may be also shared. According to (Kettunen & Kantola, 2008) 
the service orientation can be seen as a way to integrate different systems. Every IT resource, whether it's an 
application, a system or a partner can be accessed as a service that is available through an interface. Further, SOA 
allows these discrete services to be composed into processes, which offer new and aggregated capabilities.  
The next step in getting SOA maturity is service-oriented university. This involves the application of service 
orientation in all main university operations and management. Thus, service orientation will focus on human 
resources (roles, responsibilities, skills), business processes (service-oriented business process), technology 
(modeling, application development according to service orientation principles) and management (adaptive 
management decisions - decisions provided as services). Service-oriented university exceeds SOA benefits, 
providing vision on demand as support for achieving innovation.  
The major technological challenge in SOA is to use standard protocols and interfaces in order to facilitate 
interoperability. Different organizations and consortiums worldwide undertake efforts on the establishment of 
standards or technical solutions for ensuring interoperability in service-oriented environments for higher education. 
A result of these efforts is the Learning Information Services specification (IMS, 2010), which defines how systems 
manage the exchange of information that describes people, groups, memberships, courses and outcomes within the 
context of learning. Another integration example is presented in (Zender et al., 2009), by introducing an 
infrastructural model for pervasive universities, based on SOA and which utilizes a unified service bus.  
It is also true that service-oriented architecture might not be the precise solution for all technical problems that 
universities are confronted with. However, it can bring value-added in a variety of situations. Starting from this 
research (Amini et al., 2011; Blinco et al., 2009; Yu et al., 2011; Zender et al., 2009) we highlight in table 1 some of 
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the common situations where SOA brings value to the university. The presented situations also emphasize why, in 
the current context, it is necessary to move forward to a service-oriented university.  
 
Table 1. Some examples when SOA offers value-added to university 
 
Situation Value-added by using SOA 
Integration of learning resource repositories Provides open access for students and teachers and enhances the learning process. 
Information integration from independent and 
heterogeneous sources 
Facilitates information aggregation and analytical processing by combining various 
types of educational data, such as students records, schedules and scholarships.  
Need for new or integrated IT solutions that 
incorporate different organizational capabilities 
Allows integration of IT systems and programming models with service 
choreography in support of business processes as the main method of integration. 
Current emerging technologies are being adopted 
by different users 
Various kinds of input devices owned by the university, students and stuff might be 
integrated into the university’s infrastructure and seamlessly used. 
Use of shared functions between organizations or 
multiple organizational departments 
Leads to cost reduction regarding maintenance and upgrade cost, quality improved 
due to specialized providers and shorter time-to-market in case of reusing services. 
Internal or external rules and policies are 
changing 
Permits universities to adjust quickly in response to competitive threats, changes in 
its own environment or required by legal regulations. 
Create cross-institution cooperation for education 
and research 
Provides a more flexible access to information regarding student records, 
curriculum, research projects, scientific publications and events.  
Interaction with governmental or other reporting 
organizations 
Facilitates the transfer of various types of data in standard formats required by 
certain institutions. 
 
University service orientation must be considered in terms of both benefits and challenges, but also from the 
perspectives of changes and opportunities that can be obtained. In addition, the transition to service-oriented 
university should be based on clearly defined strategy and well-documented analysis carried out by specialists in the 
field and taking into consideration the viewpoints of the university’s key stakeholders. 
3. Changes and opportunities towards innovation 
Services exposed by universities support the existing processes, but are also prepared to be compound in new 
and various ways in response to changes, thus supporting unique needs and ways of working. This activity can be 
facilitated by using specialized graphical tools for defining and automatically generating the processes required to 
control the underlying services. An essential task here is to identify common requirements across the higher 
educational sector that forms the bases for services. Common requirements among universities may be addressed by 
common services, established internationally through improved strategic planning and implementation processes, as 
the e-Framework for Education and Research initiative is trying to achieve. As mentioned in (Phelps & Busby, 
2007), by making services generic and common to all business processes, a university can improve the security and 
privacy of its transmissions while protecting its future technology investments and reducing the costs of replicating 
data and maintaining multiple interfaces.  Being considered an extension to SOA, cloud computing also adds value 
to the university with small capital expenses, assuring at the same time the protection of the environment. 
Universities may value the opportunities offered by cloud computing through researchers and students and thus 
leading to innovation (Mircea & Andreescu, 2011). 
There is a large variety of processes that may be exposed as services in each main type of activities: teaching, 
research and administrative. As in most cases universities lack the means to expose every candidate identified as a 
service, at least not all at once, a prioritization of services is needed. Four criteria can been chosen to evaluate the 
potential services offered by an university, namely:  multiple consumers - an estimation of the number of users 
that will utilize this service;  covered areas – if the service is used by multiple organizational units or by systems 
and organizations outside the university;  real time – the service require real time access to data and  legal 
enforcement - providing the service is imperatively enforced by internal or external policies or regulations.  
A wider context must be taken into account in order to comprehend fully the implications and benefits of SOA 
on the organization. We consider that two large perspectives capture the essential elements that go through changes 
in the transition from a traditional university to a service oriented one: organizational perspective including people, 
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organizational units, decisions and processes and implementation perspective including data, applications and 
computing infrastructure (figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As exemplification, we present in Table 2 an assessment of the main services that universities should consider 
for implementation in the first stages of SOA adoption. 
The score given to each service will be calculated as a weighted sum of the results obtained after evaluating the 
four criteria (associating results with values: high – 3; medium – 2; low - 1). It is recommended that the criterion of 
"Multiple Customers" to have a significant weight due to numerous benefits that it can generate for the university. 
 
 
Figure 1.Changes and opportunities towards innovation 
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Table 2. Assessment of the main services that can be implemented in the first steps of SOA adoption 
 
Service  
Purpose 
Multiple  
Consumers 
Covered  
Areas 
Real 
Time 
Legal 
Enforcement 
Access learning materials (digital books and multimedia) High Low Medium Medium 
Distance learning through lecture streams and web portals   High Low High Low 
Interaction among students and teachers (virtual labs, forum etc.) High Low Medium Medium 
Facilitate access to on demand or remote computing resources  High High Medium Low 
Publish information about scientific activities, events and journals Medium High Low Medium 
Report research results to relevant public institutions Low Medium Medium High 
Access information about student scholastic records High High Medium High 
Report financial information to governmental institutions  Low Low Medium High 
Interact with the national public  acquisitions system Medium Medium High High 
 
Relevant progress towards a service-oriented university was made by the Bucharest Academy of Economic 
Studies (AES). Coordinating an international consortium of five universities and two software development 
companies, AES has begun developing and implementing an Integrated Information System for University 
Management (IISUM). The solution will ultimately provide operational efficiency, agility and improved services for 
major stakeholders: students, university staff and Romanian Ministry of Education, Research, Youth and Sport. The 
solution is service oriented and adheres to SOA’s recognized standards. Also, within the university, there have been 
analyzed and used in various departments, as well as in teaching/research activities, solutions based on cloud 
computing (SAS), document management solutions (Microsoft SharePoint), e-learning systems based on open 
source solutions (MOODLE) and others. 
Here are some of the most important steps that AES has followed in order to achieve a university-wide integrated 
solution:  establish identity management capabilities - the unified local identity management systems/repositories 
of relatively independent organizational units of the university, such as faculty secretariats, administration, library or 
computer laboratories is an indispensable step for achieving an integrated solution;  use of standard mechanisms 
for discovery and communication between services – this facilitates applications integration and communication 
with external systems or devices;  consolidate information – as an integral part of the service-oriented solution 
(with the aim to introduce Master Data Management functions). IISUM is being built incrementally. The 
development process started with the teaching module (which is now operational and includes services related to 
scholastic records, syllabi, curricula and resource allocation), has continued with the research module (currently, 
during acceptance tests) and it is intended to further integrate e-learning and academic community services.  
By virtue of surveys conducted and beneficial outcomes obtained, AES is considering expanding the service-
oriented applications at university level, by integrating organizational units one by one within IISUM. Notable 
benefits were also obtained during a pilot project that AES has started in collaboration with the software company 
SAS Romania. The project aimed to track students’ use, for class projects assignment during a semester, of a free 
cloud computing solution named SAS Enterprise Guide on Demand. Therefore, AES succeeded in ranking third 
place in a worldwide ranking, among the world's most famous universities in number of users of SAS on Demand 
solutions, according to an internal report from June 2011, provided by SAS Institute Inc. Almost 80% of the 400 
students that were trained to use SAS on Demand, chose and managed to use the cloud computing solution from 
outside the university, instead of utilizing the version installed in the university laboratories. The success of this 
pilot project and the experience obtained (for example, we have coped with proxy server limitations of the university 
network) have determined AES to decide using cloud computing solutions during class laboratories too, which will 
lead to significant savings on software licenses. 
4. Conclusions 
The new enterprise service architecture aims to sustain the university strategy in its unique context. When 
considering SOA implementation, we think primarily about solving integration issues and aligning business 
processes with the underlying technology used to supply these processes. Moreover, as organizations ought to create 
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and put into practice strategies for continuous quality improvement, a service-oriented approach might also be the 
most suitable solution for automating the quality insurance process.   
While SOA technology is in place, several non-technological challenges must be considered in the transition to a 
service-oriented university, one of the most important being the universities stakeholders’ attitude concerning SOA 
adoption. For that matter, critical issues may occur, such as: a) dealing with resistance to change; b) acceptance of a 
centralized budgetary model to support the new approach (because services are available across the entire university, 
not owned by a single department); c) acknowledge that service-orientation within university should be 
accomplished in small steps, with a multiyear implementation schedule, but with foreseen long term benefits. 
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